In this paper, we have provided hands-on experience in systematic design, implementation and flight test of an atmospheric data acquisition flying vehicle as a standard CanSat telemetry mission. This system is designed for launching from a rocket at a separation altitude about 1000-meter. During its flight, the reusable flying vehicle collects environmental data and transmits it directly to the ground station. The ground station, which is implemented at a predefined radio frequency band receives data and plots the respective graphs. The design performs based on a systematic approach, in which the first step is set aside to mission and objectives definition. In the next step, the system requirements are identified and the required main subsystems and elements with their technical requirements will be extracted. The structure analyses were also performed by ABAQUS software to obtain the natural frequency and the mode shape. The wireless communications, onboard microcontroller programming, sensor interfacing and analog to digital conversion describe the basic technologies employed in the system implementation. This flying vehicle in comparison with the other similar ones is more lightweight, has few interface circuits and high precision sensors. According to the flight test outputs, low power consumption, high transmit line up to 2Km despite of limitation in TX power and up to 10g normal acceleration withstanding are important specific characteristics of the implemented flying system.
Introduction
Flying vehicle design and development process involves identification of its requirements, listing of tasks to accomplish and identification and allocation of required resources for its successful execution. Generally, the life cycle of a flying mission progresses through four phases: Design, Production, Operations and Support (Larson & Wertz, 1992) . The main challenge in design procedure of a flying vehicle is its multi-disciplinary nature. This is characterized by degrees of influences that each design discipline has on the others. In this work, a telemetry system of a small satellite is designed, fabricated and tested based on a predefined set of design requirements. CanSat is consisted of two words, Can and Sat, which means a satellite in the size of the standard beverage can and it is called to system used in competitions held all over the world to train the future space engineers and get them to become familiar with aerospace activities (Nylund & Antonsen, (2007) ). There are four phases in response of system requirements, which could be considered as follows:
 Mission Analysis & Feasibility study  Preliminary Design  Critical Design and Construction  Test & Modification
The Operational Requirement Document (ORD) is the basis for acquiring of System Requirement Document (SRD). It became the main source for developing system architecture, identification of subsystem requirements and their preliminary design. In the following sections, both system and operation requirement and design of subsystems and implementation of atmospheric data acquisition telemetry system are briefly described and some flight test results are presented and discussed to demonstrate the logical proposed systematic approach (Wittmann & Hallmann, 2009 ).
System Design
According to V chart, system design including system level and the level of detail. In system level, objective, mission, constraint, requirement and tests are discussed. In the following the key required system design demonstrates including, the Mission Needs Statement, Operational Requirement Document, System Technical Requirement, System Architecture, Identification of Requirement are illustrated (Larson & Wertz, 1992) .
Mission Needs Statement (MNS)
In this phase, the design performed based user needs, thus first should define the needs or requests of customers. It is responsibility of designers to translate them to operational needs and document in Mission Needs Statement (MNS). MNS clears that what problem is trying to solve in the program. For this project, the MNS is as follows: The measure of atmospheric data for scientific experiments are needed and requested. The desired system must be designed in soft drink can size and weight. It must be autonomous and send the data of ambient pressure, humidity, temperature, GPS location and acceleration in real time into a ground station. This system can be launch from rocket or balloon. In addition, it must have the safe landing and must be ability of operation for 1 hour (Wasson (2006) ).
Operational Requirement Document
MNS must be translated by operator into an Operational Requirement Document (ORD) that is validated by collaboration with the users. ORD is: the system will be a small satellite analog which all of its components must be housed inside a cylinder, 115 mm-height and 66 mm-diameter with maximum weight of 350 grams. Albeit, the deployable subsystems and recovery system can exceed the length of the primary structure, up to a maximum length of 230 mm. System is launched and ejected from a rocket or a balloon. By the use of a parachute, it slowly descends back to earth performing its mission while transmitting telemetry. The telemetry data will include the barometric altitude, ambient humidity and temperature, GPS location and acceleration. This system must be fully autonomous and its data sending must be real time. The system is not allowed to use dangerous materials. The power supply must supply the systems at least 1 hour (Nylund & Antonsen (2007) ).
System Technical Requirement
Technical requirements will be derived from ORD justification methods of these requirements are listed in Table1. The total cost of the system cannot exceed 1000 Euros.
Table1

Design Review 12
System must withstand vibration forces due to rocket launch Analysis
System Architecture
The system architecture was performed based on the operational concept. Thus, this system architecture should be considered the following sections.
-structure and mechanism 
Identification of Requirement
In this step, the technical requirements of all subsystems are derived from mission, operation and system requirements. These requirements which are on the basis of subsystems deign are listed in Table 2 (Eerkens et al., 2008) . 
Subsystem Design
In detail level, the subsystems and elements are discussed and designed. Designing phase, leads to preliminary and critical designs, fabrication phase which consists of simulations, part procurement, testing electronic devices, subsystem fabrication and test and system assembly. 
3.4.Payload
The payload subsystem is required to accomplish the objective of the mission. Here the payload consists of temperature, humidity, pressure, acceleration and GPS sensors. These parameters have been collected and transmitted to the data handling subsystem. Due to the small size and low power consumption of MEMS sensors, pressure and acceleration sensors are chosen to be MEMS sensors. The required sensors are temperature, humidity, pressure, acceleration, GPS and sensors. The integrated board of payload, data handling, stepper motor and communication subsystems has been shown in Fig. 3 . The electrical power consuming in electronic section illustrated in Table3.
3.5.Structure and Mechanism subsystem
Structure design was done by consideration of following points as well as dedicated requirements: -Having a total mass of no more than 350 grams, forces that the structure must be light-weight while having enough strength and durability. -It must be easy to disassemble.
-To have an efficient use of the hardware such as GPS and sensors, they need to be positioned at the best place. -The center of mass of the structure must be as low as possible to create a stable equilibrium of the telemetry system. In fact, when the center of mass is placed under the center of volume, the system tends to stay at the vertical direction. The structure should be used to cover and protect other subsystems and its size should not be bigger than a standard beverage can. Fiberglass was used as the structural material, due to its lightweight and high strength. The structure can withstand the acceleration as big as 10 g. To accomplish extra missions, some mechanisms have been used as an actuator to extend the antenna. In order to satisfy the natural frequencies and mode shape requirements of the cansat a modal analysis was performed using ABAQUS software. The computed natural frequencies are listed in Table 4 and the first six mode shapes of structure are shown in Fig. 4 . The obtained natural frequencies that are quite higher than the natural frequency of the rocket, demonstrate that the resonance will not occur during the lunch. Fig. 5 also shows the overall displacements of structure under the force applied by the acceleration of 10g. Based on this figure the displacement induced by this acceleration is very small and hence the structure can withstand the loads safely. 
3.6.Mass Budget
The mass is a one of the most important items and thus this parameter must manage and budget. Table 5 illustrates the system mass budget. The other important budgets have been presented also in Fig.6 for the investigated CanSat. 
Recovery Subsystem
Parachute is a crucial element during the system mission. Its performance characteristics must be known and considered in calculating the descent rate. Based on recovery system requirements, the parachute was designed for these conditions:
-Maximum weight of parachute and payload: 350 gram -Terminal velocity: 5 m/s -Recovery altitude: 1000 m -Maximum shock: 10g
Achieving both desired descent rate and stable decent are key parameters in parachute design.
A parachute is a device used for slowing the motion of an object through an atmosphere by creating drag, or in the case of ram-air parachutes, aerodynamic lift. Parachutes are usually made out of light, strong cloth, originally silk, now most commonly nylon. Table 6 compares some type of parachute used for mission of cansat (Knacke (1991) ). The system is hanging up under a parafoil wing, which enables us to control the path of the module. The wing is tied to the system with two main lines. Two other thinner lines allow changing the direction (direction lines). The microcontroller sends orders for two servomotors. On each servomotor a wheel is fixed, on which direction lines are attached. It enables to pull or release the line. That permits to go straight, right, left and faster (by pulling both of the direction lines at the same time, because each line is independent). That allows us to have high maneuverability, to forecast and react to different atmospheric conditions (Watanabe and Ochi (2007, September) ).
The shape of parafoil also heavily influences the flight performance, as well as opening characteristics. For selection of the parafoil for system, wing loading and canopy shape were considered for the driving factors in parafoil selection. After analyzing the possible airfoil for system parachute we choose Clark Z airfoil because it has maximum stall angle and maximum lift over drag and also design of this airfoil is not complex. According to Eq. (1) and parachute design the speed of system should be 5 m/s (Zhao and Jianyi (2009, June) ).
(1)  =Air Density = 1.22 kg/m3 v= Velocity (m/s) F=Drag Force (N) r= radius of Parachute (meter) C d = drag coefficient
The parachute was simulated and designed with foil maker software.
3.8.Ground station
The ground station consists of a laptop, an antenna and a receiver module. The receiver module collects the transmitted data and these data are plotted using MATLAB software. A sample data has been depicted in Fig. 7 . After receiving data from the system, the data transported to computer via USB to Serial converter. Then by using MATLAB software, received data were analyzed, different data were extracted and sensor's parameters were plotted versus time. Fig. 7 shows the temperature, pressure, humidity, location and altitude parameters versus time. 
Conclusion
In this research, we defined a systematic approach for designing and implementing a modified reusable atmospheric data acquisition flying vehicle system for online sight telemetry applications. This method could be considered as an effective method for design analysis of complicated systems. Using this way leads to visualize different parameters and their influences on the whole system and provides a better insight to the system levels hierarchy.
The main achievements of designing and implementing of the reusable atmospheric data acquisition system could be considered in two complementary viewpoints, technical and systematic achievements. Some of the most important technical achievements are experiences on design and fabrication of data handling subsystem, parachute, structures, mechanisms, on board programming, getting familiar with online transceiver modules. However, the most important systematic achievements are, team work, getting familiar with system design, getting familiar with different aspects of aerospace science, interaction with industry. Humidity-Height
